Despite the availability of different treatments for advanced NSCLC, all of them have a palliative intention and a cure for the disease is unlikely. Thus, advanced lung cancer remains as an unmet medical need. Chemotherapy has been used as the therapy of choice for advanced NSCLC patients, but it is mainly limited by the patient's performance status. More recently, targeted therapies have introduced more specific treatment options that show efficacy in specific niche of patients, but precisely due to their target specificity, they usually provoke early resistance. In addition to these limitations, most of the best drugs currently used for treatment of advanced NSCLC show small increases in patient survival with severe associated toxicity. Novel drugs with low toxicity that could be given chronically to control the advanced disease can make a difference. They could allow the management of advanced cancer as a chronic disease that, even when not cured, it can be controlled for long periods of time offering patients a good quality of life. Active-specific immunotherapy is an area of oncology that is rapidly expanding with encouraging results. Cancer vaccines against many potential targets have shown to increase patient survival in clinical trials at all stages NSCLC, when included as first-line, maintenance, or second-line therapy. Safety of cancer vaccines supposes a new hope for cancer therapy, and this unique characteristic makes it possible to be used in sub-sets of patients that cannot receive other approved treatments because of their high toxicity. In this paper, authors propose how active immunotherapy could be included in the current algorithm for treatment of advanced NSCLC patients.
Introduction
Lung cancer has been the most common cancer in the world for several decades, and by 2008, there were an estimated 1.61 million new cases, representing 12.7% of all new cancers. Lung cancer is the leading cause of cancer mortality in the US and worldwide, accounting for 1.38 million deaths (18.2% of the total) [1] . Lung cancer figures show a close similarity between incidence and mortality, demonstrating that almost all patients diagnosed with lung cancer died from the disease. Approximately 85% of newly diagnosed lung cancers are categorized as non-small cell lung cancers (NSCLC) [2] . NSCLC includes squamous cell carcinoma, adenocarcinoma, and large cell carcinoma. Unlike other common types of solid tumors, such as breast cancer and colon cancer, there are no approved screening modalities for early detection of lung cancer in the general population [3] . As a result, many of these patients have locally advanced or metastatic disease by the time they become symptomatic and present for care. Patients with stage IIIb or IV NSCLC are deemed to have unresectable tumors and, while they may benefit from palliative chemotherapy, radiation or both, a cure is unlikely. Even if the tumor can be completely resected, the 5-year mortality is 40% in stage I disease, 66% in stage II disease, and 75% in stage IIIa loco-regional disease. Micrometastases are commonly left behind after surgical resection, resulting in eventual relapse. As such, a diagnosis of NSCLC carries a poor prognosis under all circumstances [4] .
Lung cancer is usually diagnosed at advanced stages, when the disease is not curable, and available therapies are mainly palliatives. Several drugs are available for treatment of advanced NSCLC, some of them are limited to a specific niche of patients, showing only a marginal improvement in patient survival (real clinical impact) with high or moderate associated toxicity. For those reasons, advanced lung cancer remains as an unmet medical need. Advanced NSCLC patients are not always amenable to receive the existing onco-specific therapies. Chemotherapies are very toxic and tolerated only by patients with an acceptable performance status (PS). Other biologic drugs have demonstrated effect only in small group of patients with specific genetic characteristics; but given its high specificity, these drugs usually develop resistance.
Additionally, when patients receive all possible oncospecific treatments and have disease progression, they are considered "terminal patients" that will only receive best supportive care to enhance as much as possible their quality of life. But at this stage, even with tumor progression, patients can live with a quality of life that will depend on the management of their disease. Another group of patients, who are unfit for available treatments are amenable to receive non-toxic treatments that might help increase overall survival with a good quality of life, such as immunetherapies. This is the case of cancer vaccines that can be given chronically due to its low toxicity, even in advanced stages of disease [5, 6] . That means a major change in advanced cancer treatment: the possibility of a chronic treatment that converts advanced cancer into a controlled chronic disease, offering patients a good quality of life.
In this scenario, biotechnology has become an important source of new products for cancer treatment. According to the 2011 Pharma Report, from 900 biotechnological products under development, 352 are devoted to cancer treatment: 170 are monoclonal antibodies and 90 are cancer vaccines. That means 40% of worldwide biotechnology now is devoted to cancer immunotherapy. Biotechnology gives technological tools for obtaining products that can be designed and produced to target specifically tumor cells. Their specificity gives them a precious advantage translated in a better toxicity profile when compared with current onco-specific therapies (i.e. chemotherapy) that provoke systemic toxicity due to their lack of specificity for tumor cells. In this paper we review the state of the art in NSCLC therapy; the algorithm of existing treatments for advanced (stages IIIb and IV) NSCLC patients; and how non-toxic therapies (i.e. cancer vaccines) can be inserted in such algorithm for patient's benefit.
Which Is the Current Algorithm for
Treatment of Advanced NSCLC?
The current algorithm for therapy of advanced NSCLC, takes into account the patients characteristics; basically: PS, tumor histology and the presence of "driver mutations" (Figure 1) . Once diagnosed, a patient with advanced NSCLC must be characterized according these to decide the most appropriated treatment to be assigned. According to this algorithm, available therapies can be used in first-line, maintenance and second-line therapy in patients, depending of their clinical, histological and molecular tumor characteristics. However, currently approved therapies have a limited potential to increase patient survival and a high or moderate toxicity ( Table 1) . Chemotherapy, as first-line treatment for advanced NSCLC (PS 0-1) offers a median OS of approximately 10 months, with associated hematologic toxicity, nephrotoxicity, nausea and vomiting [7] . The addition of bevacizumab to the first-line therapy in non-squamous NSCLC (PS 0-1), increased in 2 months the median OS of chemotherapy, but added new severe adverse events such as hypertension, proteinuria, bleeding, febrile neutropenia, thrombocytopenia, hyponatremia, rash, and headache [8] .
The use of tyrosine kinase inhibitors (TKI) gefitinib and erlotinib as first-line in patients with mutated forms of the epidermal growth factor receptor (EGFR) NSCLC (PS 0-3) (10% of advanced NSCLC patients among Caucasian population), increased in 5.4 months the PFS without modifying the OS as compared to chemotherapy alone for this small number of patients, with adverse events typical of TKIs, including cutaneous rash and diarrhea [9, 10] . More recently, crizotinib was approved for using in NSCLC patients, PS 0-3, that present the ALK-EML4 fusion protein (only 5% of advanced NSCLC patients) as first-line therapy because its ability to increase PFS-but not OS-in advanced NSCLC patients [11] . Adverse events associated to the administration of crizotinib include visual effects, nausea, diarrhea, constipation, vomiting, and peripheral edema. In maintenance therapy, pemetrexed was approved as continuation maintenance in PS 0-1 non-squamous NSCLC patients [12] . In this setting, pemetrexed added 1.3 months in PFS, despite this increase was not translated into a better OS. It has also been used as switch maintenance therapy in this group of patients showing an increase of 2.8 months in OS [13] . Pemetrexed-related adverse events include anemia, neutropenia, and fatigue. Docetaxel it is also used as switch maintenance therapy resulting in a 3-month increase PFS, despite this is not translated into a better OS [14] . Most frequent docetaxelassociated adverse events are neutropenia, thrombocytopenia, anemia, fatigue and dyspnea. Erlotinib as switch maintenance therapy has shown to increase progression free survival, but not OS, of treated patients [15] .
In the scenario of second-line therapy, docetaxel was approved for treating patients with PS 0-1, increasing OS in 2.9 months as compared with best supportive care, but adding the previously described adverse events associated to the use of this drug [16, 17] . Erlotinib was also approved in this setting, but in patients with PS 0-3, with a two-month increased OS compared with docetaxel, and associated-adverse events (diarrhea, cutaneous rash, anorexia and nausea) [18] .
Looking at these figures, the approved drugs for advanced NSCLC therapies have still a limited impact in patient OS (maximum of 3 months), and its use is frequently associated with the occurrence of severe averse events that affect patient's quality of life. Therefore, new approaches are needed to improve current outcomes [19] .
What Is Coming as Second-Generation Agents for Treatment of Advanced NSCLC Patients?
As has been previously described, erlotinib and gefitinib are currently used in the first-line treatment of patients with advanced NSCLC and EGFR-activating mutations, as well as second-and third-line settings in unselected patients, regardless of EGFR mutations status [20] . However, patients that initially respond to this treatment, usually develops acquired resistance after a median of 12 -16 months [21] . Once progression occurs, further treatment options are very limited due to the performance status of patients who are unable to tolerate toxicities associated to cytotoxic chemotherapy. Thus, new therapy options are urgently needed after the progression to firstgeneration anti-EGFR agents. Molecularly targeted therapies under investigation in NSCLC include ErbB family blockers, multityrosine kinase inhibitors, c-Met inhibitors and antiangiogenic agents. Table 2 summarizes the phase II and phase III clinical trials of investigational new drugs for the treatment of advanced NSCLC patients.
Most of the second generation of TKI acts through an irreversible, covalent binding to ATP-binding site in the kinase domains of the EGFR [22] . This covalent binding leads to longer suppression of tyrosine kinase activity, as it is suppressed until the synthesis of new receptors. Among the second generation of TKIs afatinib has shown thus far the most extensive evaluation with promising results, being recently approved in July 2013 as firstline therapy for patients with EGFR mutations [23] [24] [25] [26] . However, the general consensus for using afatinib as a second-or third-line treatment in patients with EGFR activating mutations is that the drug does not differs from current approved first-generation TKIs gefitinib and erlotinib in terms of OS or PFS when used for unselected patients and does not have FDA approval for that.
The amplification of the Met gene is another mechanism of resistance to currently available targeted treatments for NSCLC [27] . Tivatinib is a non-ATP-competitive inhibitor of the Met signaling pathway, which has been extensively tested as a second-line therapy, in combination with TKI erlotinib in patients with or without EGFR-activating mutations. However, a phase II trial initially conducted with tivantinib failed to increase OS and PFS compared with erlotinib plus placebo [28] . Moreover, a subsequent phase III trial was recently stopped early after an interim analysis that showed the study would not meet its primary endpoint of OS [29] .
In 2006, the US Food and Drug Administration approved bevacizumab for the first-line treatment of patients with advanced non-squamous NSCLC in combination with cytotoxic drugs carboplatin and paclitaxel [30] . However, the develop of tumor resistance frequently occurs, permitting only the half of the patients being eligible for bevacizumab therapy [31] . For such reason, a considerable number of new antiangiogenic agents are currently being evaluated for the treatment of patients with NSCLC in combination with cytotoxic drugs, including sorafenib and sunitinib. Nevertheless, sorafenib did not meet its primary end oint in two separate large p phase III studies that evaluated the drug as a first-line treatment [32, 33] while further results are awaited for sunitinib from ongoing trials conducting in a different setting of patients [34] .
Other investigational new drugs for the treatment of advanced NCSLC patients are at different stages of development ( Table 2) . However, most of them have shown controversial results or still have a low level of evidence for efficacy [35] [36] [37] [38] [39] . An illustrative example is vandetanib, a multitargeted TKI, which failed to improve OS or PFS in a series of four phase III clinical trials as monotherapy [40] or combined to chemotherapy [36, 41, 42] or erlotinib [43] . Based on these negative results, the FDA withdrew its approval in NSCLC. In addition, the administration of most of these drugs has been associated with the occurrence of severe (grade ≥ 3) adverse events. For example, the randomized phase II study that evaluated untreated NSCLC patients receiving either carboplatin/paclitaxel/bevacizumab with or without sunitinib, was not completed due to the poor tolerability of patients to receive the drug (of patients receiving sunitinib, 52% required treatment interruption and 59% discontinued the treatment because of adverse events) [44] .
New Paradigm for the Treatment of Patients with Advanced NSCLC: The Transition to a Chronic Disease
Up to date, advanced cancer cannot be cured. However, therapeutic progress is opening the possibility of transforming cancer into a chronic disease compatible with years of good quality of life. This trend is clearly identifiable in lymphoma, prostate, breast and ovarian tumors, where a 5-year survival rates for the advanced disease is moving near 30% and beyond [45] . Could this be also an attainable goal for advanced NSCLC? In the last years, a trend to increased survival has been observed in patients with advanced NSCLC with the inclusion of novel therapeutic approaches. From two-year survival rates of 0% -10% with single-agent chemotherapy, the figure improves to 20% by using platinum doublets. More recently, maintenance with pemetrexed increased up to 25% [46] , a data subsequently enhanced with the use of angiogenesis and EGFR blocking agents and small molecules TKIs. This trend of increased survival in advanced tumors, suggest the possibility to transform advanced cancer into a chronic disease. However, the main drawback of existing drugs for advanced NSCLC treatment is its high toxicity. Most of the approved drugs for advanced NSCLC treatment are highly toxic.
Chemotherapies exert its cytotoxic effects un-specifically, affecting not only tumor cells, but also normal cells and tissues. The up to date approved targeted therapies provokes related adverse events, i.e. drugs targeting the VEGF system like bevacizumab, are associated with bleeding; and drugs targeting the EGFR system like cetuximab, erlotinib and gefitinib, with skin rash and others adverse events. The use of these drugs is then subjected to patient's tolerability; even when a minority of patients that tolerate these adverse events can receive it under long-term treatments. However, we still need therapy options that can be used chronically in a wider patient population.
The goal of transform advanced cancer into a chronic disease, require therapeutic weapons with low toxicity that could be used chronically. These weapons are provided by biotechnology, with the development of novel specific immunotherapies approaches for cancer treatment. With the availability of these target-specific, nontoxic drugs, such as cancer vaccines, a major change in the management of advanced cancer is foreseen.
Drugs with low toxicity and tolerable by the majority of patients can be administered chronically, without risk of accumulative toxicity, and advanced cancer could be treated as a chronic disease that cannot be cured, but controlled for long time periods, with a good quality of life for the patients [5] . This is not the only case in the history of medicine that a new drug could change the curse of a disease. In fact, diabetes used to be a death sentence until 1922, when the medical researcher Frederick Banting and a colleague, Dr. John Macleod, discovered the insulin [47] . Insulin allowed a therapeutic management of diabetes that makes it a controllable, chronic disease. Cancer vaccines could be thus the "insulin" of cancer patients.
Developing Active Immunotherapy for NSCLC Treatment
The immune system plays an important role in the interaction between a cancer and its host. Scientists have long understood that tumors can be recognized by a patient's immune system. Rare reports dating back to the 1800s have documented spontaneous tumor regression after infectious events [48] . Such regressions, however, are usually seen in only very immunogenic tumors, such as renal cell carcinoma and melanoma [49, 50] . NSCLC is a notoriously non-immunogenic cancer, or a cancer in which we have been unable to trigger an appropriate immune response for multiple reasons; and this characteristic has limited the development of immune therapies for NSCLC [51] . If, however, the immune system can be stimulated to recognize the tumor as an antigen, it can be utilized to specifically attack the tumor. This strategy allows the patient to avoid the toxicities, like myelosupression, neutropenic fever, mucositis, hair loss and gastrointestinal disturbance that arise from indiscriminately destroying all dividing cells with systemic chemotherapy.
Active-specific immunotherapy is an area of oncology that is rapidly expanding and delivering promising results. Therapeutic vaccines have been developed for the treatment of different types of cancers. For example, Sipuleucel-T is a vaccine in phase III clinical trials that modulates T cell activity in patients with metastatic melanoma and castrate-resistant prostate cancer [52, 53] . There is evidence to suggest that a similar approach could be very beneficial to the survival and quality of life of NSCLC patients [54] , and has been proposed as a novel method to palliate metastatic and non-operable NSCLC patients and as an adjuvant therapy to surgical resection.
A therapeutic vaccine is composed of one or more tumor antigens, and sometimes with an adjuvant that the immune system recognizes as foreign. Such a vaccine induces a powerful and enduring immune response to the specific tumor antigen(s). Vaccines can either be immune system modulators directed to allow de novo generation of antitumor activity or agents that elicit specific antitumor activity, known as therapeutic cancer vaccines [55] . Therapeutic cancer vaccines are classified in either wholecell vaccines or vaccines that target specific antigens.
Different cancer vaccines has been developed for all stages of NSCLC, being actually in phase III clinical trials ( Table 3 and Figure 2 ) [56, 57] ; among them, the whole cell vaccine, Belagenpumatucel-L, targeting the TGF-β2. There are other vaccines that target specific antigens in cancer cells, including this targeting the melanoma-associated antigen A3 (MAGE-A3), the L-BLP25 and TG4010 vaccines that target the Mucin-1 protein.
Finally, the CIMAvax EGF vaccine targets EGF and prevents it from binding with its receptor, effectively preventing tumor growth. Each of these vaccines has shown promising results in clinical trials and offers many potential targets for the directed treatment and improved survival of NSCLC patients. Belagenpumatucel-L is an allogeneic whole cell vaccine that was created from four different NSCLC cell lines, genetically modified to elaborate an antisense oligonucleotide to TGF-β2. Because this vaccine was created from multiple cell lines, it has a wide array of antigens and is thus potentially beneficial in most NSCLC patients. In a phase II trial by Nemunaitis, et al, in 2006, 75 NSCLC patients with stage II-IV disease were randomized to receive intradermal injections with one of three different dosage levels of Belagenpumatucel-L [58] . The study revealed that patients who received one of the two higher dosage levels had a significantly improved OS rate relative to the low dosage level (p = 0.0069). Moreover, the OS rate of 32.5 months among responders was significantly higher compared to patients who did not respond (OS of 11.6 months; p = 0.011). Belagenpumatucel-L demonstrated minor toxicity with only one grade 3 adverse events [58] . Based on the promising results of the phase II trial, a phase III randomized placebo-controlled clinical trial was designed to assess whether Belagenpumatucel-L can prolong the OS of stage III and IV NSCLC patients by at least three months. To qualify for enrollment, patients must have responded to chemotherapy or had stable disease following a platinum-based chemo regimen. This study has OS as the primary end-point and an estimated enrolled of 506 patients (ClinicalTrials.gov, number NCT00676507). Therefore, in this scenario Belagenpumatucel-L has been tested as maintenance therapy for stages III and IV NSCLC.
MAGE-A3 is a melanoma-associated antigen expressed in a variety of cancers, including 35% of NSCLC. MAGE-A3 expression is associated with poor prognosis, and its rate of expression increases as the disease progresses (30% in stage I NSCLC and 50% in stage II NSCLC). The MAGE-A3 vaccine is an antigen vaccine that consists of a full-length MAGE-A3 protein complexed to part of the Hemophilus influenzae protein D, packaged with lipid adjuvants. It has been designed for use in the post-operative setting in patients with stage I, II, or IIIa cancer. In patients who have undergone surgical resection, the clinical usefulness of these vaccines is maximized because of the lower post-op tumor burden and the more direct access vaccine has to all tumor cells [59] . In this scenario the MAGE-A3 cancer vaccine is being tested as adjuvant therapy in stages Ib and II NSCLC.
In the phase II trial by Vansteenkiste et al in 2006, 182 MAGE-A3+ patients with surgically resected stage Ib and II NSCLC received induction with 5 doses of either MAGE-A3 300 μg vaccine or placebo every 3 weeks and then maintenance therapy of 8 doses or placebo every 3 months. Follow-up at 28 months revealed improved disease free interval (primary endpoint) in the treatment group (HR; 0.74; p = 0.107). Although these results did not reach statistical significance, a clear survival benefit was observed in this trial. After a median follow-up of 44 months, only 30.3% of the treatment group experienced relapse, compared to 41.7% in the control group. The vaccine was well tolerated with only mild flu-like symptoms and injection site reactions [60] .
Following the results of the phase II trial, MAGRIT, the largest phase III lung cancer study in history, was designed and is ongoing. MAGRIT is a randomized, double-blinded, placebo-controlled study that evaluates the use of the MAGE-A3 vaccine as adjuvant therapy. The study also compares the efficacy of MAGE-A3 vaccine in participants who underwent resection and adjuvant chemotherapy with a control group who solely underwent resection prior to vaccination. Patients in the study are assigned in a 2:1 ratio to the treatment group vs the placebo group. Five doses are to be administered at 3-week intervals for induction and followed by maintenance therapy with vaccination every 12 weeks. The primary objective is disease-free survival in MAGE-A3 treatment after complete resection. A recent meta-analysis from 25 different randomized trials revealed a pronounced correlation between disease-free survival and OS. The MAGRIT trial is ongoing, with a planned enrollment of 2270 patients, and has an estimated completion date of October 2016 [61] .
Mucin 1 (MUC1) is a transmembrane protein normally found on the apical surface of cells. In many malignancies, MUC1 is found to be overexpressed and under-glycosylated or aberrantly glycosylated. MUC1, abnormally expressed in almost half of all NSCLC, has been proven to inhibit physiologic T cell proliferation. The glycosylation pattern on the abnormally expressed MUC1 in NSCLC makes it an attractive target for immune therapy [62] . L-BLP25 (Stimuvax) is a 20-aminoacid peptide with low-dose cyclophosphamide in a liposomal vehicle. This synthetic vaccine targets the exposed core of MUC1 when aberrantly glycosylated, which induces immune response against the tumor cell. Antigen-specific CTL proliferation and production of IFN-γ occur in response to vaccine administration [62] .
A randomized phase II trial was conducted by Butts, et al, in 2005 on 171 stage IIIb or IV NSCLC patients after response or SD to first-line chemotherapy [63] . Participants were then randomized to receive either L-BLP25 with best supportive care or, alternatively, best supportive care alone. The primary objective was median OS, which was 17.2 months in the treatment group vs 13.0 months in the control group (adjusted HR = 0.739; p = 0.112). Although this difference was not statistically significant, a subgroup analysis performed in those patients with stage IIIb locoregional disease (n = 35) showed a more pronounced separation between the treatment and control groups. Stage IIIb NSCLC patients in the treatment group had a median OS of 30.6 months, compared to 13.3 months in the control group (adjusted HR = 0.524; p = 0.069) [63] . Common adverse events included mild flu-like symptoms, injection site reactions, and nausea. In patients who received ongoing maintenance therapy, adverse events decreased with time and no long-term safety issues were identified. Although phase II trials with L-BLP25 did not produce statistically significant results, L-BLP25 did seem to benefit patients with stage IIIb NSCLC. These results have prompted a large phase III randomized placebo-controlled clinical trial called START in 1476 patients with unresectable stage III NSCLC and response or stable disease after chemo, randomized 2:1 to receive L-BLP25 with best supportive care or placebo with best supportive care (ClinicalTrials.gov, number NCT00409188). The primary endpoint was OS. Results from this Phase III study initially presented in December 2012 showed that L-BP25 failed to meet its primary endpoint of OS in patients with locally advanced stage III NSCLC. Injection site reactions were seen in 17.3% in L-BLP25 vs 11.9% in placebo group, whereas flu-like symptoms were seen in 10.9% in L-BLP25 vs 9.9% in placebo [64] . Currently, a second phase III trial, IN-SPIRE, is being conducted with L-BLP25 in Asian patients suffering from unresectable, stage IIIa or IIIb NSCLC who have had a response or SD after at least two cycles of platinum-based chemo-radiotherapy. Therefore, L-BLP25 is being extensively evaluated as a maintenance therapy in patients with unresectable stage IIIa or IIIb NSCLC.
The TG4010 DNA vaccine also targets the aberrant MUC1 protein. A phase IIb trial by Acres et al., was conducted in 2009 in which 148 untreated MUC1+ patients were randomized to receive cisplatin and gemcitabine, with or without TG4010 [65] . In the experimental group, TG4010 was given every 3 weeks until PD was detected. The primary endpoint was PFS. This endpoint was observed in 44% of the experimental group vs 35% in the control group (p = 0.13). Based on these results, a phase IIb/III randomized, double-blinded, placebo-controlled trial is now enrolling roughly 1000 patients with stage IV NSCLC. In this study (TIME), participants will either receive chemotherapy with TG4010 or chemotherapy with a placebo until PD is observed. The primary endpoint is OS and the study is estimated to be complete in December 2016. Therefore, the TG4010 cancer vaccine is mainly being tested as a first-line therapy in patients MUC1+ and stage IV NSCLC.
How to Insert Cancer Vaccines in the Existing Arsenal of Therapies for Advanced NSCLC? A Case Example: CIMAvax EGF
As previously described, cancer vaccines currently in phase III clinical trials are being tested to be included in the algorithm for treatment NSCLC patients either as maintenance, adjuvant or first-line therapy. CIMAvax EGF is a therapeutic cancer vaccine, devoted to create an immune response against the Epidermal Growth Factor (EGF) as specific antibodies that recognize and bind to this protein, with the formation of immune-complexes, eliminated through the kidneys [66] [67] [68] . Once eliminated, the EGF cannot exert its physiological action of binding to the EGFR, initial event that unchain cell proliferation mechanisms. It should be noticed that, one of the main characteristics of cancer, is its uncontrolled cell proliferation, mainly due to EGFR overexpression. Elimination of circulating EGF through vaccination with CI-MAvax EGF stops the cascade of cell proliferation signals from the very beginning (EGF/EGFR binding). This mechanism of action is basically different from other cancer vaccines devoted to induce the immune system to create cytotoxic responses towards cancer cells.
As compared with other cancer vaccines, CIMAvax EGF has two main strengths in its mechanism of action: firstly, it targets the EGF/EGFR system; which is one of the main current targets for cancer therapy. This system has been validated with different therapeutic approaches such as monoclonal antibodies and small molecules tyrosine kinase inhibitors of demonstrated clinical efficacy in different tumors [69] . Secondly, it has a mechanism of action similar to hormone-deprivation [70] ; where the specific anti-EGF antibodies (provoked by vaccination) "castrate" the EGF from circulation, avoiding this growth factor stimulus. The hormone therapy is one of the older and most validated cancer therapies, with demonstrated efficacy, mainly based in deprivation of hormonal stimulus by different procedures [71] .
The clinical testing of CIMAvax EGF began in 1995. From there up to date, more than 3000 advanced NSCLC patients had received this vaccine, which has demonstrated immunogenicity, safety, and efficacy (defined as an increase in survival of vaccinate patients as compared with randomized non-vaccinated controls). The vaccine has been applied in different clinical scenarios, making it a versatile product to be inserted in the algorithm of treatments for advanced NSCLC patients ( Table 4 and Figure 2) .
CIMAvax EGF has been tested in the first-line treatment scenarios for advanced NSCLC patients [72, 73] . In a Phase I/II trial, CIMAvax EGF was given before and fter standard first-line chemotherapy to patients recently a diagnosed with advanced (stages IIIb and IV) NSCLC [72, 73] . Two vaccinations were given before the beginning of chemotherapy; with subsequent monthly vaccinetions after concluding chemotherapy. Chemotherapy and active immunotherapy are generally regarded as unrelated or even mutually exclusive in cancer treatment, due to chemotherapy-induced immune suppression, dampening the therapeutic efficacy of further active immunotherapies. This trial design giving vaccine-chemotherapy-vaccine was devoted to search the best combination between CIMAvax EGF and chemotherapy. The rationale of this combination was based on studies of homeostatic lymphocyte repopulation after chemotherapy, done by Mckal et al. [74] [75] [76] [77] . That group reported the recovery of lymphocytes from the expansion of the peripheral pool (including memory cells) rather than de novo naive cells exported from bone marrow [78, 79] . This vaccination scheme increased the anti-EGF antibody response, with titers 20-folds higher, when vaccination was applied after chemotherapy. It was also observed that anti-EGF antibody titers reached during the induction period before chemotherapy did not decreased during the cytotoxic treatment. That means the effect of vaccination is prolonged on time.
There was not influence of previous vaccination in the expected response to chemotherapy. In 20 patients evaluated for objective responses, 2 complete responses and 5 partial responses were observed, for an objective response rate of 35%. Five out of the responses appeared at the end of chemotherapy, but, interestingly, 2 responses occurred during the second vaccination period (V-Ch-V). Additionally, 10 patients reached disease stabilization for a disease control rate of 85%. Moreover, the mean survival was 18.74 months (median 12.4 months), and a 1-year survival rate of 70%. Chemotherapy-related adverse events were not influenced by previous vaccination. Vaccine-related adverse events consisted of mild to moderated flu-like symptoms and pain at the site of injection; as previously described when the CIMAvax EGF has been administered under different schemes of vaccination [67, 72, [80] [81] [82] . This trial demonstrated the feasibility of using CIMAvax EGF in the first-line treatment for advanced NSCLC patients with PS 0-2, independently of their molecular and histological characterization.
CIMAvax EGF has also been tested as second-line therapy [68] . In a phase II clinical trial, 80 patients with advanced stages (IIIb and IV) NSCLC, after finishing first-line chemotherapy, were randomized to receive CIMAvax EGF or best supportive care. Patients were included in the trial independently of their response or not to the first-line treatment: patients with objective response, stable disease or progressive disease after chemotherapy were vaccinated and evaluated for vaccine efficacy based on OS. Vaccination was safe and adverse events were observed in less than 25% of cases and were grade 1 or 2 according to National Cancer Institute Common Toxicity Criteria (CTC). In this trial OS was measured since one month after concluding first-line chemotherapy. In this scenario, vaccinated patients had a mean survival of 12.73 months (median 6.47 months) whereas the control arm survival was 8.52 months (median 5.33 months). In addition, in those patients who responded to first-line chemotherapy, the mean survival was of 22.45 months (median 11.57 months) whereas responding control patients had a mean survival of 9.32 months (median 6.77 months) [68] . Therefore, CIMAvax EGF in a second-line scenario (after first-line chemotherapy), benefits advanced NSCLC patients with PS 0-2, independently of their molecular and histological characterization. There is a trend of increased benefit in patients that respond to first-line chemotherapy.
CIMAvax EGF has also been tested in a phase III trial in patients that respond to first-line chemotherapy and receive the vaccine as maintenance therapy until and beyond disease progression [83] . In this scenario, patients who responded to first-line chemotherapy were randomized to receive CIMAvax EGF or best supportive care. As previously demonstrated, vaccination was safe and not severe-adverse events related with vaccination were observed. In a statistically planned partial cut-off in results, vaccinated patients survived significantly more that not vaccinated controls. Survival times considered from diagnose, had a median of 11.2 months for vaccinated patients (mean 20.6 months) whereas a median of 7.7 months was observed for not vaccinated controls (mean 14.1 months). Survival rates at 6-month, 24month and 48-month were 73%, 27% and 19%, respectively for the vaccinated group; while 72%, 14% and 4% for the control group. Vaccination with CIMAvax EGF as maintenance therapy in patients who respond to firstline chemotherapy provides benefit to advanced NSCLC patients with PS 0-2, independently of their molecular and histological characterization.
After its regulatory registration, CIMAvax EGF has been tested in open population both, in Cuba (Phase IV trial) and in Peru. This patient population is mainly composed by patients that received all possible oncospecific treatment and are in disease progression. Up to date 1080 cuban patients received CIMAvax EGF in a Phase IV trial performed at primary attention level. This vaccinated patient population has showed a median overall survival of 14.16 months. According to the National Register of Cancer (2002 Cancer ( -2007 , advanced NSCLC patients in Cuba have a median survival of 9.6 months. In the 2012 ASCO meeting, it was presented the post-marketing experience with application of CIMAvax EGF in 12 metastatic NSCLC patients that progressed after first-line therapy; the patients received the vaccine alone or in combination with chemotherapy. Vaccination was safe (not adverse events grade III or IV were reported) and produced a clinical benefit associated with improves of OS (18.8 months) and PFS (7.3 months).
An ongoing clinical trial is applying CIMAvax EGF to patients unfit for onco-specific therapies. These patients do not meet the criteria for receiving currently available therapies or they simply refuse to receive other therapy (mainly due to toxicity). The patient population unfit for onco-specific treatments is not small. It has been reported that 30% of advanced stages NSCLC patients with PS 0-1 unfit chemotherapy; a figure that increase substantially in patients with PS 2-3 [84] . These patients can receive CIMAvax EGF without additional toxicity. Considering this clinical experience, CIMAvax EGF can be inserted in the algorithm for treatment of advanced NSCLC in different scenarios: first-line, second-line and maintenance; the updated clinical experience demonstrates the feasibility of combining it with other available treatments as well as in patients unfit for other therapies. There is not a known limit for CIMAvax EGF application. All advanced NSCLC patients, independently of their PS, their histologic sub-group or their molecular markers characterization (gene mutations or others), are amenable to receive and benefit from this cancer vaccine.
General Discussion
Patients with NSCLC face a dismal prognosis at the time of diagnosis due to an advanced and aggressive disease, coupled with the limited available treatment options. The treatment of advanced lung cancer has started to make a plateau during the last two decades. After the introduction of platinum doublets, and later on the concept of maintenance treatment with pemetrexed, cytotoxic chemotherapy has not delivered a major advance. A lot of hope has been put on molecular stratification according to specific mutations and drugs that target them. However, the very same results of targeted therapy, no matter how impressive they are for specific patients niches, are showing a major limitation: as a consequence of the specificity of the target, they usually show early resistance. Seemingly, second-generation products will not change this scenario dramatically.
The current challenge is try to transform advanced cancer from a terminal, untreatable disease into a chronic disease that could be controlled for a long time keeping patients with a good quality of life. That implies a complete change in the management of advanced cancer, introducing in the current algorithms of treatments new products that, because of their low toxicity, can be given chronically or even in combination with other existing therapies without significantly increasing toxicity. The need of a treatment, which is endowed with amplification mechanisms, targeted diverse cell populations at the same time, and co-evolved with the tumor cell population itself, has switched the attention again towards active immunotherapy. Therapeutic cancer vaccines should be introduced in the complex therapeutic algorithm early enough to profit the partial remissions or disease stabilizations induced by chemotherapy or targeted therapies, and to have time to boost the host antitumor immune reaction. Early studies of active immunotherapy agents developed for treating NSCLC patients have exhibited promising results, especially in advanced disease where the OS rate has been, historically, very grim. While therapeutic vaccination may not be a panacea, it could be served as a vital adjunct to traditional surgical and chemotherapeutic treatment regimens as we see in the case of the MAGE 3 vaccine for adjuvant therapy or in the case of CIMAvax EGF when it is used in combination with chemotherapy in advanced disease patients.
The identification of better antigenic targets, addition of immune-stimulating adjuvants, and production of improved delivery mechanisms have resulted in a group of vaccines that appear to elicit an effective immune response against tumor cells. This has been a major change in the area of cancer immunology where lung cancer SciRes. JCT Current Algorithm for Treatment of Advanced NSCLC Patients: How to Include Active Immunotherapy? 71 vaccines have never been a popular topic. Phase II studies show that these vaccines can produce statistically significant improvements in the PFS or OS for patients, irrespective of the stage of the patient's disease. These vaccines have demonstrated low toxicity together with improved survival and an enhanced quality of life relative to the baseline prognosis. As a result of these studies, for first time in the history of lung cancer and immunotherapy, several phase III trials are ongoing to examine the efficacy of therapeutic vaccination in a larger number of patients with all stages of NSCLC and in different therapeutic scenarios. Some of these vaccines have shown in the clinical setting that their effects are independent of patient's characteristics (tumor histology and presence of driver mutations). This is the case of CIMAvax EGF, which is applicable not only to all advanced NSCLC patients, but also in different lines of the treatment (as first-line, maintenance and second-line therapy).
The mild toxicity of cancer vaccines makes them useful for chronic application and then, it is more probable to accomplish the challenge of converting advanced cancer into a chronic disease. The inclusion of cancer vaccines, alone or combined with other approved therapies, in the current algorithm of advanced NSCLC treatment should represent a major change in the clinical outcome of the disease.
